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PROBLEM TO BE SOLVED: To enable the correction of 
black defect in which also the riverbed is not generated 
in the practical throughput by combining a defect 
correcting device using an ion beam and an atomic force 
microscope(AFM). 

SOLUTION: In order to realize the correction of black 
defect without the riverbed, the correction of black 
defect is performed by undergoing such two- step 
correcting procedure that, on the first step, only the 
inside of recognized defect region is irradiated in such 
a manner that a tail component of the ion beam and the 
ion beam subjected to small angle scattering do not 
strike the surrounding glass part, the etching is 
performed so as to leave a marginal part 18 of the 
defect and, on the second step, only the marginal part 
18 of defect which is left is physically shaved by a 
hard probe 15 of AFM fixed on the height of glass 
surface 19. 



(71) Applicant 

(72) Inventor: 



SEIKO INSTRUMENTS INC 

TAKAOKA OS AMU 
YABE SATORU 



COPYRIGHT: (C)2002,JPO 




BEST AVAILABLE COPY 
OE6T AVAILABLE COPY 



(19)B#HfcfW UP) 



«»&'§l (A) 



#812002-214760 
(P2002 -214760A) 
(43)&PSB ¥l£l4*F 7 £31 8(2002.7. 31) 



(51)Inta' 
G0 3F 



1/08 



F I 

G0 3F 



1/08 



V 2H0 9 5 



Sf^EfflfjR *»5ft tfcfcEOft 2 OL (4 4 1) 



(21)ffiR»# 


1$H2001-5072(P2001 -5072) 


(71)tflfflA 


000002325 










(22)ffiKB 


¥J«13#1H12B (2001. 1.12) 




^w&fmsmi!z*m 1 tb ss« 








mm m •' 






















(72)56 Wtf 










^^=fiSlrp||SK«P«lTB8#« -fe 














(74)«3SA 


100096378 














F *-*'(*#) ; 2H095 BD32 BD35 



(54) ^X*©J|*fi&|fiE2rSc 



07). [MM 



y..-..-.-.-.-,-.-.-.-.-. r ,Y,-...-..,.,, v ..Y 




1 . • 

[ftMi!3fc©S5H] 

6ft oj: 5 icxf&m®<D\*jm(!>?>mM ux&tm<Dm& 
immii] m?m 1 i2*s©vx ^©n^Rg^iE^ 

©&gB£a»StBK:ft S <fc 5 Kg! «5 &A,tciJ5 *ffl <t |^ O 
^-C^gtfjKBiJS C £ fS2gU©**7 X© y ^— < 

& 

[oooi] 

[&W©S**fflftl&HJ] 

[000 1] 

U * ^^©H^^iE^tcM-r * & ©T* 5, 
[0 002] 

[g£*©8ffi] Si^i9«^fflI5|JS©SSijl{t«4?)?S U 
>^ffi©SM«MfcK:tt];t. jEyy^^^cfSMlEl?* 

ZM&lcJ:*)Xmfe3E!iemi>mt>ti~C (,>•*>. _hig©J;-5 
ft&ffilflftiffi&Jc «fc »). 7* hvxi/S/cCJU^^© 

tmmtic b>h s ft ^ra^©*^** 6nti,^„ « 

[0 00 3] U3m^*>tlX%1c? * hvx*«;E3S# 
5XZf<D*t5X ifCCrft <!:©;-W f y -vX^M^MoSi 

v a»KJ:»3«fflL/-Cffi^it/ > ->£*£© 

iS®^©&c>tc^i,fcfc©t?&&. &a-CB> <tti® 



(2) *JPfi2 00 2-2 14760 

2 

tatcft^s^aojA^cU^vvM©^^? 

»-K*«6'Tfc*K. ^BS62-60699«C^Snri»-SJ: 

■5 ftHH£i£BX9 >f * > tr- A©M8*«i*&&«>. 
m^ll^iE^K»||^RSMllS©*=£jS»?W«:^ME OX x. 

XgiHUJ V * > bf- AO^-^fiS^/jNftaiSSL S 

* > tr - A*i^fc o r u £ 5 <bxXM<J>mm.mc\XiJ 
^©soj&dcy./*-^* K)**<b*5 1/-c*>^ut:^ 
io /c„ y;< — c», K«iSss©air>*>6aji*©titB*a-r 
mwmgkK.m&mi>ttt>L. m*Pi«fcE<im© 
imLShm^mrsMimsicii-yx^^o &ic&&(Dm 

tc ft 6 ft l >*Sg©ai 3 © y v H r *>3S^*tc^ 
F©i5SBJ;0^:# < ftoT$T(,>£©-C. — 
[0004] g/c&ittTtt. ISjET^^RI-y-^ X©<g 

TKii*. m^ra^^^(AFM)©Jit,>^r^*^ 
20 xETtt&timmicmztitetbx^z. corns abhd 
n^av xwtm ess cc Lx?mm&.*mz «t 5 cc 

*{c«, *s^o-^s«a««^saa*A*< <t*ift 
^m^bfti^EOB. 8?#f©^W4Js:!fto-c»f®*i/cn 

[000 5] 

«>«ll,^IIXR5^iE*pJ«g«: b <k ^5 i"r5«>©t?*5„ 
[0006] 

#JB*!^^■c^Pi©^iE*^f ^ . 

[0007] 

[fpffl] ^-©Pg-c-f^->tr-A©?— ;UfiS^hfta 
tftSL § titc 4 * > tr - &&mm<p#7 XgBK^fc ft (,» 

J;5(ci/rt,>$©r. cn^Kis.y^-^s KB4C 
so ^^^xBCD^^^H^L-c^awtcHiJS©-^ cc-c 



(3) 

{CiE#^* * - > i <D^|?»^-©I^(D * > tf- At^f 
[0 00 8] 

•5. io 
[0 00 9 ]M%MitStt7*. V-?X?£tctel>?i>}ls 
«BiKq^r J: 5 ft-f K-A^&IE£g<D£t£*- 
tWWiAl. xvx^-yioCcfgiBSft/c:?* hv 
x * *->i>5±©M*P§* V * >aaa*>4ttffl 3 

fta >f J >t>" U >X3a£*Pfcu >X3MC«fc «3 Sftfc 

« u * * * 5tcm^tti?affl©m^9©m^ f - a &m 

f--^ftfc»^/jNftfff&SL3 ftfc A * y tZ-Aifimithft 

i> <t -5 (c02fc^-r «t -5 tutmoij? x tern ufc^gp 

7 XSPl9(C ^ - &l > J: 5 «£ V * > A2& 

J^LTM^^17©#*I&*TSC03). Bfcfett^ 

fflx-K $ fe u < tt#x ir- ;<i2 *vets»nx^i7 

iEcfif «Cffig 3 ft fc#X &u©5fcig;fc ?>M3nfcADy 

>^©#x©ita^**JBt,>r?T5. ttix**7t6. ikX 30 
[ o o i o i jr *) m LicmxMz&t* v *- h -7X t> t. tc 

-A2rttXL//c$iJ»4^tf^l74ABTCiH^L. 813 

ftfcn^pg©^i»aji8©* mvzmi.mw t u r 1211$ 

&3=&«S6<!: U Cft J: ») feJSt,igi^*iES^-f ->16 ' 

©MWc**- > *> 1/ < ttfatt?*- if <hitt£-r S Ci(c 
<fc9fflHi3ft*. toX^£ISI&Ufc^/cW. B3.4 

feJEWy'j (05). AR$g#ti5©iS3©TK£TJa#-7X 

6). ±13© y J»t— -4 „ >M*K«iE#M£ * ± #> 
-S£07©«fc5R:&4. . . 50 



*3rPi§2 002-2 1476 0 
4 

[oo i i ] ^muDctuifih. jjewtimtrtji-v 
u-< > v >7x> ©n^[g m^L^m -MEscim 
teiEmmomiE-cM v tcm&M<Dim*mmaK. u z j; 

■5 ecu o ji^d ^7^Iil3t;S3J! rigj^tcBiJ-S c 
irj^2g|5©^f^XCD'J-'N--'<-y F©^< fcl>jgiE*SS 

[00 12] 

3 ft)t ^ > Aa**R5J^2©#^ XSPK^Tc 

^SP©#?r #7 XB©iif 3 «:@3£ L/fcAB«?®!(,^^f-r 
^aWCCglJS©t?. '^<-<j H©^<ft^HtXRB^iE 
#SUSr#S. -T^>^-AKJ:^Pi»aiAFM5r)niix 
& match^rtf 5 C t K. J: 0 , AFM^awiJDXtCifc^TX 
JP- » F 5r(Sj±-r 5Cim, JES^" f -> i©« 

[0ffi©fS#%ltt?g] 

[HI] ^+>^-A{C«t5«jEtlS©8IL^:BI-C&S. 
[02] ^*>^-A{C«fcS«iE^g-C<5iET5II^Ri 

[S3] * > a cc J: *j^iE^gr^iEa©II^RI 

[04] AFMf^iE-rsn^Pi^*^Hr*-5. 

[05 ] *^i©^t*Sfe^< m^AFMT^iE*©!! 

[He ] AmcfejE&<Dmxf&&$>-z>tctmz$;tsmm 
[07] ^^©n^fiijgiE^iiH^-r0-c*5. 



1 




2 




3 a 




3 b 




4 




5 




6 


l> < BT^CSV 


7 




8 




9 




1.0 




i 1 




1.2 




1 5 




1 6 




1 7 




1 8 


afmC*jE-J-*J»^I6«*. 




[04] 



[02] 



(4) 




[15], 



1$Bi§2 0 0 2-2 1 476 0 
6 



[03] 




[06] 




lliiiili 




18 



[07] v 



4 *>v-&£i.*Xte**Mmz* 



AFM Cr«BLfcjUeKM02BX 



Advanced Industrial Property Network 



Seite 1 von 1 



PATENT ABSTRACTS OF JAPAN 



(1 l)Publication number : 2002-214760 
(43)Date of publication of application : 31.07.2002 



(51)Int.CI. 




, G03P 1/08 




(21) Application number : 


2001-005072 


(71) Applicant 


SEIKO INSTRUMENTS INC 


(22)Date of filing : 


12.01.2001 


(72)Inventor : 


TAKAOKA OSAMU 








YABE SATORU 



(54) METHOD FOR CORRECTING BLACK DEFECT OF MASK 

(57) Abstract: 

PROBLEM TO BE SOLVED: To enable the correction of 
black defect in which also the riverbed is not generated in 
the practical throughput by combining a defect correcting 
device using an ion beam and an atomic force microscope 
(AFM). 

SOLUTION: In order to realize the correction of black 
defect without the riverbed, the correction of black defect 
is performed by undergoing such two- step correcting 
procedure that, on the first step, only the inside of 
recognized defect region is irradiated in such a manner that 
a tail component of the ion beam and the ion beam 
subjected to small angle scattering do not strike the 
m surrounding glass part, the etching is performed so as to 
leave a marginal part 18 of the defect and, on the second 
step, only the marginal part 18 of defect which is left is 
physically shaved by a hard probe 15 of AFM fixed on the 
height of glass surface 19. 
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CLAIMS 
[Claim(s)] 

[Claim 1] Etching which irradiates only the inside of a defect region and leaves the edge of 
a black defect so that an ion beam may not be equivalent to the surrounding glass section 
of a black defect field with the mask defective compasator using an ion beam is performed. 
The black defect correction method of the mask characterized by correction without the 
liver bed of the glass of a periphery by deleting physically the edge of the defect which it left 
to the same height as a glass substrate by the hard probe of the atomic force microscope 
which fixed height. 

[Claim 2] In the black defect correction method of a mask according to claim 1 The black 
defect correction method of the mask characterized by correction without the liver bed of 
the glass of a periphery by deleting physically to the same height as the glass side which 
dug deep the edge of the defect of the glass **** lump mold Levenson rriask which it left by 
correction of the mask defective compasator using an ion beam so that it might become an 
opposite phase. 
[0001] 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] ^ 
[0001] 

[Field of the Invention] This invention relates to a photo mask or the black defect correction 

method of reticle. 

[0002] 

[Description of the Prior Art] Detailed-izing of Si Integrated Circuit Sub-Division is 
remarkable, and the pattern dimension on the photo mask used for an imprint in connection 
with it or reticle is also becoming detailed. In addition to detailed-izing of a pattern 
dimension, practical use is beginning to be presented also with hyperresolution techniques, 
such as a phase shift mask, in order to improve the resolution limitation of optical 
lithography. Since a defect will become the cause which is imprinted by the wafer and 
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decreases the yield if a defect exists on a photo mask or reticle When a photo mask, or the 
existence and the existence place of a defect of reticle are investigated by defect inspection 
equipment and a defect exists, before imprinting a mask pattern to a wafer, before 
imprinting to a wafer, defective correction processing is performed by the defective 
compasator. By the above technical trends, defective correction of a photo mask or reticle 
is also asked for the response to a small defect. The focused ion beam equipment using 
the liquid metal Ga ion source is becoming in use [ a mask compasator ] instead of the 
defective compasator which used laser with the detailed working dimension. In the 
defective compasator using the above-mentioned ion beam, high process tolerance is 
realized using the effectiveness which etches only the place where the ion beam extracted 
thinly hit under the sputtering effectiveness by the ion beam which converged at the time of 
black defect correction, or assist gas existence. 

[0003] The photo mask used conventionally deposits binary mask materials, such as Cr, 
and a halftone mold phase shift mask material like MoSiON by a spatter on glass, such as 
quartz glass, uses them as a light-shielding film, and changes a mask pattern into the 
difference in the permeability of light. These days, practical use is beginning to be 
presented also with the phase shift mask of the REBENSON mold which dug deep glass 
with the stronger improvement in resolution, and.a depth of focus improvement effect until it 
became an opposite phase. In order to reduce the liver bed at the time of black defect 
correction, capture an image as shown in JP,62-60699,B, and the irradiation area of an ion 
beam is decided. Since the tail component of an ion beam and the ion beam by which small 
angle dispersion was carried put are equivalent to the surrounding glass section of a defect 
* even if it uses the method of scanning only a black defect field selectively at the time of 
black defect correction, and correcting by the spatter effectiveness the periphery of a defect 
- glass - digging deep (liver bed) - it had surely generated. In order that a liver bed may 
disturb the phase of the transmitted light from the difference in height, it brings an adverse 
effect to an imprint result and has become the factor which reduces the quality of a 
workpiece of a black defect correction part. In the former, the liver bed of the depth of the 
intensity which does not become a problem also influences an imprint result increasingly by 
short wavelength-ization of the light source of the latest reduced-projection-exposure 
equipment especially. Since the effect of a liver bed is becoming larger as mentioned 
above, the defective correction technique which a liver bed does not produce is searched 
for strongly. 

[0004] Moreover, these days, practical use is beginning to be presented with the method of 
correcting a defect by the hard probe of an atomic force microscope (AFM) with lowering of 
the defect size which should be corrected. In this case, in order to shave off all defects 
although a liver bed is not produced if the probe of AFM is made into the same height as a 
glass side and a defective part is deleted, since the scanning probe microscope cannot 
take a large scan speed, it requires time amount for processing and has not made the 
throughput high. Moreover, unless the processing part also prepared the special kind- 
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shaped probe, it had become the configuration where the cross section flagged reflecting 
the configuration of a probe. Since who of this cross section influenced a phase, in the 
correction part, desired effectiveness was not acquired to emphasize an edge using a 
phase shift effect like a halftone mask or a Levenson mask. 
[0005] 

[Problem to be solved by the invention] This invention is combining the defective 
compasator which used the ion beam, and an atomic force microscope (AFM), and tends to 
enable black defect correction which does not have a liver bed at a practical throughput, 
either. " 
[0006] 

[Means for solving problem] In order to realize black defect correction without a liver bed, it 
irradiates only inside the defect region recognized that neither the tail component of an ion 
beam nor the ion beam by which small angle dispersion was carried out is equivalent to the 
surrounding glass section on a first stage story. Etching which leaves the edge of a defect 
is performed, two steps of correction procedures of deleting physically only the edge of the 
defect which it left on the second stage story by the hard probe of AFM fixed to the height 
of a glass side are completed, and a black defect is corrected. 
[0007] 

[Function] Since the tail component of an ion beam and the ion beam by which small angle 
dispersion was carried out are kept from being equivalent to the surrounding glass section 
on a first stage story, the liver bed by these is not produced. Since a second stage story 
also fixes to the height of a glass side and deletes physically the edge of the defect which it 
left by the hard probe of AFM, black defect correction which cannot carve the glass section 
here and does not have a liver bed is realizable. Moreover, since it deletes by AFM after 
deleting roughly by an ion beam, a throughput can be improved compared with AFM 
independent processing. As mentioned above, since the boundary with a normal pattern is 
performed by the ion beam of a first stage story, there is no ** which produces whom 
reflecting an AFM probe configuration, and it can be made a steep side attachment wall. 
[0008] 

[Working example] Below, one example of this invention is explained. 
[0009] It introduces in the vacuum chamber of an ion beam defective compasator as shows 
drawing 1 a photo mask or reticle including a black defect. From the ion source 1 , the black 
defect on the photo mask carried in the XY stage 10 or reticle 5 is emitted, and [ with a 
condensing lens 3a and the objective lens 3b ] Secondary ion or the secondary electron 6 
is synchronously incorporated with a secondary ion detector or the secondary electron 
detector 7, a secondary ion image or a secondary electron image is displayed, scanning the 
ion beam 2 which converged with deflecting system 4, and a defect region is recognized 
from this image. In order to prevent the charge up at this time, the electron beam 8 of the 
electron gun 9 for charge neutralization is irradiated at a photo mask or reticle 5. Only the 
field 17 retracted from the rim section which faced the glass of the defect as shown to 
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drawing 2 that neither the tail component of the ion beam which irradiates the surrounding 
substrate glass section, nor the ion beam by which small angle dispersion was carried put 
hits is made into a processing area. An ion beam 2 is irradiated and only the black defect 
part 17 is removed so that a damage may not be given to the glass section 19 of a 
substrate (drawing 3). Clearance is performed using the accelerating effectiveness of the 
gas of a halogen system supplied from the head of the tear gas gun 1 1 arranged in about 
17 processing area from a physical spatter or the gas reservoir 12. A photo mask or reticle 
including a black defect is taken out from an ion beam defective cbmpasator after 
termination of processing. 

[0010] A photo mask or reticle 5 including the taken-out black defect is introduced into 
processible AFM, the field 17 containing the part first processed by the ion beam 2 is 
observed by AFM, and only the rim section 18 of the left-behind black defect recognizes 
(drawing 4) as a processing area. In this case, the height of the glass side 19 where the ion 
beam has not hit only for the information on height since there is no information about 
construction material is made into a criterion, and a part higher than this is regarded as a 
part for the normal pattern 16 or a defective part 18. A part for a defective part (processing 
area) is extracted by comparing with other normal patterns or design datas. It scans by the 
AFM probe 15 harder than quality of a work material like the probe to which only the part 
recognized to be a processing area controlled height, for example, carried out the coat of 
the diamond (Cr, MoSiON, etc.), and shaves off physically, and the left-behind black defect 
part is corrected (drawing 5). Since a glass side cannot be carved if the minimum of the 
height of the AFM probe 15 is made into the substrate glass side 19, the black defect 
correction without a liver bed is realizable (drawing 6). If a black defect correction 
procedure without the above-mentioned liver bed is packed, it will become like drawing 7. 
[001 1] The above-mentioned method with a natural thing can be adapted not only for a 
binary mask or a halftone mask but black defect (residue defect) correction of the Levenson 
mask of a glass **** lump mold. At this time, correction without the liver bed of the glass of 
a periphery is realizable by deleting physically to the same height as the glass side which 
dug deep the edge of the black defect which it left by correction of the mask defective 
compasator using an ion beam so that it might become an opposite phase. 
[0012] 

[Effect of the Invention] As explained above, according to this invention, it irradiates only 
inside a black defect field where neither the tail component of an ion beam nor the ion 
beam by which small angle dispersion was carried out hits the glass section of the defective 
circumference on a first stage story. Etching which leaves the edge of a defect is 
performed, and since only the edge of the black defect which it left on the second stage 
story is physically deleted by the hard probe of AFM fixed to the height of a glass side, the 
black defect correction without a liver bed is realizable. By performing mix & match of 
defective equipment and AFM by an ion beam, compared with AFM independent 
processing, it can improve and a boundary with a normal pattern can a|so use a throughput 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

fDrawing 11 It is the conceptual diagram of the compasator by an ion beam. 

[Drawing 21 It is drawing showing the black defect field corrected with the compasator by an 

ion beam. 

[Drawing 31 It is the outline sectional view of the field which includes the black defect after 
correction with the compasator by an ion beam. 

[Drawing 41 It is drawing showing the black defect field corrected by AFM. 
[Drawing 51 It is the outline sectional view of the field which includes the black defect under 
correction by AFM which shows the description of this invention best. 
[Drawing 61 it is the outline sectional view of the field including the place which had a black 
defect after correction by AFM. 

[Drawing 71 " It is drawing showing the black defect correction procedure of this invention. 
[Explanations of letters or numerals] 

1 Ion Source 

2 Ion Beam 
3a Condensing lens 
3b Objective lens 

4 Deflecting Electrode 

5 Photo Mask or Reticle 

6 Secondary Ion or Secondary Electron 

7 Secondary Ion Detector or Secondary Electron Detector 

8 Electron Beam for Charge Neutralization 

9 Electron Gun for Charge Neutralization 

10 X-Y Stage 

11 Tear Gas Gun 

12 Gas Reservoir 

15 AFM Probe 

16 Normal Pattern 
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17 Black Defect Field Corrected by Ion Beam 

18 Black Defect Field Corrected by AFM 

1 9 Glass Substrate of Substrate 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Drawing 31 




[Drawing 41 




[Drawing 51 
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[Drawing 6] 




Drawing 7] 
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